(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Oi^anization 
International Bureau 



(43) International Publication Date 
1 November 2001 (01.11.2001) 




PCX 



ilillll 



(10) International Publication Number 

WO 01/81075 A2 



(51) International Patent Ciassification': B29D 1 1/00 

(21) International Application Number: PCT/USOl/12404 

(22) International Filing Date: 16 April 2001 (16.04.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
09/522J46 



21 April 2000 (21.04.2000) US 



(71) Applicant (for all designated States except US): ALLER- 
GAN SAL£S» INC. [US/US]; 2525 Dupont Drive, Irvine, 
CA 92612 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (jTor US only): WEINSCHENK, 
Joseph, I., m [US/US]; 6440 Hm Crest Court, Fort 
Worth, TX 76132 (US). 

(74) Agents: DONOVAN, Stephen et al.; c/o AUergan Sales, 
Inc., 2525 Dupont Drive, Irvine. CA 92612 (US). 



(81) Designated States (national): AE, AG. AL, AM. AT, AU. 
AZ. BA, BB, BG. BR, BY, BZ, CA, CH. CN, CR, CU, CZ, 
DE, DK. DM, DZ. EE, ES, FX, GB, GD, GE, GH, GM, HR, 
HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LIC, LR, 
LS, LT, LU, LV. MA, MD, MG, MK. MN. MW, MX, MZ. 
NO. N2, PL, PT, RO, RU, SD, SE, SG, SI. SK. SL, TJ. TM, 
TR. TT, TZ, UA. UG, US, UZ, VN. YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM. 
KE, LS. MW, MZ, SD. SL, SZ. TZ, UG, ZW). Eurasian 
patent (AM, AZ, BY, KG. KZ. MD. RU. TJ. TM), European 
patent (AT, BE, CH. CY. DE, DK, ES, H, FR, GB, GR, IE. 
IT, LU, MC, NL, PT, SE, TR). OAPI patent (BP, BJ, CF, 
CG, a. CM, GA, GN. GW, ML, MR, NE, SN. TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations^ refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^= (54) Title: METHOD FOR MAKING AN ACCOMMODATING INTRAOCULAR LENS 



< 



00 



COMPHeSSiON FOfiC£ 
\ 




aPT/c 



COMPJl£SStdN FORCE 




DieecnON Of UNS AXML MO\f£M£NT 



(57) Abstract: A method of making an intraocular lens having an optic portion joined to a haptic portion by a flexible element which 
O comprises the steps of: (e) forming a core of a material suitable for use as said optic portion; (f) reacting said core to provide a first 

composite of said optic portion and said flexible clement bonded thereto; (g^ reacting said flexible element with a material suitable 
!^ for use as said haptic portion to provide a second composite; and (h) machining said second composite to form said intraocular lens. 
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METHOD FOR MAKING AN ACCOMMODATING INTRAOCUIiAR LENS 
Background of the Invention 

5 

1. Field of the Invention 

The present invention relates to the field of 
intraocular lens and, in particular, intraocular lenses 
10 that move axially to alleviate the condition of 
presbyopia when implanted in the eye of a patient. 

2. Description of the Art 

15 Presbyopia is the medical term for the condition in 
which an individual loses the ability to focus on 
nearby objects such as the words in a book. 

Research is currently vmderway to address this medical 
20 condition. In particular, research is focused on the 
replacement of the ^^malfunctioning'' natural lens with 
an artificial one that could move, axially or change 
shape so that the patient • would have restored 
accommodating ability. 

25 

An intraocular lens, i.e. an lOL, that moves axially 
when subjected to the muscular forces within the eye, 
will accommodate to deliver light to the proper spot on 
the retina. In other words, the lOL would deliver 
30 ^'focusable'' vision by axial movement. 

In such an lOL it is desirable for the lens to ^^bend" 
at the haptic-optic junction in order to achieve the 
axial movement required. However, since the 

35 compression force in the eye is known to be very weak, 
the material strength at the haptic -optic junction must 
be low. 

Therefore, rigid lOL materials, comprising a single 
40 material for both the optic and the haptic, like 
polymethylmethacrylate or PMMA, would not be suitable 
for providing an lOL that would accommodate as 
described. Also, typical *soft' acrylic materials, 
which have a tensile strength about 840 psi, may al^o 
45 be too strong to provide both the optic and the haptic 
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portions of an accommodating lOL. Conversely, known 
"'soft" lOL materials like silicones or acrylic 
hydrogels are likely too soft and, therefore, a lens 
made with these types of materials, as the haptics, 
6 would not function as desired. Instead, the haptics of 
these lenses might bend anywhere from the haptic-optic 
junction to the lens periphery. 

Thus, it is an object of the present invention to 
10 provide an accommodating lOL which will bend at the 
optic-haptic junction to alleviate presbyopia or other 
ocular conditions wherein light is riot delivered to the 
proper spot on the retina. 

15 Brief Summary of the Invention 

The present invention provides a method of making an 
intraocular lens having an optic portion joined to a 
haptic portion by a flexible element which comprises 
20 the steps of: 

(a) forming a core of a material suiteJDle for use as 
said optic portion; 

(b) reacting said core to provide a first coitsposite of 
25 said optic portion and said flexible element 

bonded thereto; 

(c) reacting said flexible element with a material 
suitable for use as said haptic portion to provide 
a second composite; and 

SO (d) machining said second composite to form said 
intraocular lens. 

In one embodiment of the invention the first composite 
is provided by polymerizing a first polymerizable 
35 material capable of forming said flexible element to 
form an outer layer about said core. 

In a second embodiment, the first composite is provided 
by reacting the core, at the surface thereof, e.g. by 
40 hydrolyzing the surface core material, to form said 
flexible element. 

In said first embodiment, the core may be placed in a 
mold, said first polymerizable material may be placed 
45 in said mold about said core and said first 
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polymerizable material may be polymerized around said 
core . 

In either embodiment, a second polymerizable material, 
6 capable of forming said haptic portion, is polymerized 
about said first composite to form an outer layer about 
said first composite. 

The second composite is preferably provided by 
10 positioning said first composite in a mold, placing a 
second polymerizable material in said mold about said 
first composite and polymerizing said second 
polymerizable material. 

15 Brief Description of the Drawings 

Figure 1 shows the lOL prepared by the method of the 
present invention. 

20 Figure 2 shows the method of forming the core used in 
preparing the above IOIj. 

Figure 3a and 3b show the methods for forming the first 
coinposite used in preparing the lOIi of the present 
25 invention. 

Figure 4 shows the method for preparing the second 
composite used in preparing the lOL of the present 
invention . 

30 

Figure 5a shows a three piece" lOL as may be 
fabricated with the method of the present invention. 

Figure 5b shows a '^one piece'' lOL, having a haptic 
35 skirt, as may be fabricated with the method of the 
present invention. 

Detailed Description of the Invention 

40 An intraocular lens 1 as shown in Figure 1 includes an 
optic 3 and one or more haptics 5 joined to said optic 
3 by flexible portion 7 which is softer or more 
flexible than either the optic 3 or the haptics 5. As 
shown, when a compressive force is applied to the 

45 haptics 5, the optic 3 moves axially. Thus, when 





wo 01/81075 



PCT/USOl/12404 



4 



implanted in the eye of a patient, the optic may 
accommodate to focus light on the patient's retina. 

Intraocular lens 1 may be prepared as shown in Figures 
5 2 through 4 . 

As shown in Pigrure 2, a tube 11 or cup 51 is utilized 
as a mold to prepare the core that is utilized as the 
center optic material in the finished lOL. An 
10 appropriate liquid monomer mixture, including monomers 
and an initiator, is placed in the respective tube or 
cup mold and cured with thermal or ultraviolet (UV) or 
another energy source, as known in the art, - to yield a 
solid core as shown in 13 and 53 • 



A suitable monomer mixture for forming said core may 
include 99.5%, by weight, methylmethacrylate, and 0.5%, 
by weight, of a UV absorber such as benzotriazole . The 
molds are then removed to provide the core as a rod 15 
20 or button 55. 

As shown in Figures 3a and 3b, the flexible element 7 
that is affixed to the optic portion in the lOL. of the 
invention, may be provided by one of two methods. 

25 

In* the first method, as shown in Figure 3a, rod 15 or 
button 55 is treated with a strong acid or base to 
hydrolyze the surface thereof and thereby provide the 
first composite 16 or 56, respectively. In such 

30 hydrolysis, a portion of the surface ester groups on 
the methylmethacrylate homopolymer are converted to the 
corresponding carboxylic acid groups, as shown. The 
hydrolyzed surface will soften when contacted with 
aqueous liquids, thus, providing the flexible element 

35 in the lOL of the invention. A suitable strong base 
might be a 50%, by weight, aqueous NaOH solution. A 
suitable strong acid might be a 70%, by weight, aqueous 
H2SO4 solution. The hydrolysis may be continued xintil 
the surface of said rod 15 or button 55 is hydrolyzed 

40 to a depth of about 0.5 mm or more, depending on the 
desired thickness of the flexible element portion 7 of 
the first composite 16 or 56. 

Alternatively, as shown in Figure 3b, rod 15 or button 
45 55 is placed in the center of an oversized mold 17 and 
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57, respectively, and a hydrophilic or soft monomer 
mixture 19 and 59 , respectively, is poured into the 
space between the mold and* the rod 15 or button 55. 
The hydrophilic or soft monomer mixture is cured with 
5 the appropriate energy source as described above to 
convert rod 15 or button 55 into the first composite 21 
or 61, respectively. 

A suitable hydrophilic monomer mixture may include 99%, 
10 by weight, hydrox/ethyl methacrylate (HEMA)and 1%, by 
weight, of a crosslinker, such as ethyleneglycol- 
dimethacrylate (EGDMA) as well as a peroxide or azo 
compound as an initiator. A suitable soft monomer 
mixture may include 99%, by weight, ethylacrylate (EA) 
15 and 1%, by weight, of a crosslinker such as EGDMA. 

In this embodiment of the present invention, the 
flexible element 7, formed from the hydrophilic monomer 
mixture functions as the hydrolyzed surface of the 

20 first composite 16 or 56, discussed above. That is the 
polymer resulting from the hydrophilic monomer mixture 
softens when contacted with aqueous liquids to provide 
the flexible element 7. In contrast, polymer 

resulting from a soft monomer mixture is, itself, more 

25 flexible than the rod 15 or button 55 and the later 
added haptics to thereby bend as required in the 
accommodating IOIj of the invention. 

In said alternative method for preparing said first 
30 composite, it is prefer2J:>le to allow the added 
hydrophilic or soft monomer mix to diffuse into the 
button 55 or rod 15 for a certain amount of time before 
initiating the cure. This results in an 

interpenetrating network between the core and 
85 hydrophilic or soft outer layer which becomes the 
flexible element, thus increasing the strength of the 
'^bond* between them. 

Finally, as shown in Figure 4, the first composite 
40 which is designated as 16, 56, 21 or 61 in the 
embodiments set forth in Figures 3a smd 3b, is provided 
with an element for forming the haptic at the outer 
part of the first composite. In the final product, an 
lOL, this material has the desirable properties 
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possessed by the haptics and/or '^skirts'' that surround 
the optic portion in one-piece lOL lens designs. 

The first composite is placed in the center of an 
5 oversized mold 63 and then the liquid monomer mix 65 is 
added into the mold to fill the void around the first 
composite- The liquid monomer mix 65 is cured with the 
appropriate energy source, and then mold removal is 
effected to yield the second composite 67 . This is 
XO illustrated for the first composite 61, only, in Figure 
4, but the other examples of said first composite, i.e. 
16, 56 or 21, could be treated in the same manner to 
form a haptic material thereabout. 

15 An example rigid composition for the haptic material 
would be 

100% MMA 

20 An example flexible composition for the haptic material 
would be 

58% ethyl acrylate (EA) 
29% ethyl methacrylate (EMA) 
25 9% 2, 2, 2-trifluoroethyl methacrylate (TFEMA) 

3.5% EGDMA 

0.5% UV Absorber (e.g., benzotriazole) 

Manufacture of an lOL from said second composite 67 is 
30 effected by lathing the button-shaped first composite 
67 , shown in Figure 4 , or by cutting a button from a 
first composite in the form of a rod, e.g. 16 or 21, 
first, and the resultant button being like that just 
noted in Figure 4, may, be lathed/milled to resem3Dle a 
35 3-piece lOL as shown in Figure 5a, or a one-piece lOL 
with a ''skirt" as shown in Figure 5b. 

While illustrated above for specific polymers that can 
be used to form the optic portion, the flexible element 
40 and the haptic portion, it will be appreciated that 
other polymers may be used provided only that the 
flexible element be softer than either the optic 
portion or the haptic portion so that the optic portion 
may move axially when sxibject to compressive force by 
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the muscles of the implanted . eye to focus light 
properly on the retina. 

For example the optic .portion may be one of the 
following polymers : 

-poly (methyl methacrYlate) 

-copolymer of 

2 -phenoxy ethyl acrylate 70% 

2-phenoxyethyl methacrylate 28% 

EGDMA 2% 

15 -copolymer of 

2 -phenoxyethyl acrylate 32.5% 

2-phenoxyethyl methacrylate 48,8% 

3, 5,5-trimethylhexyl acrylate 14.7% 

20 Ethylene glycol dimethacrylate 2.0% 

UV absorber 2.0% 

-copolymer ,of 

25 Ethyl acrylate 55% 

Ethyl methacrylate 50% 

2,2, 2-trif luoroethyl methacrylate 10% 

Ethylene glycol dimethacrylate. 3.5% 

UV absorber 1 • 5% 



30 



35 



40 



-copolymer of crosslinked polydimethyldiphenylsiloxane 

The flexible element may comprise one of the following 
polymers . 

-copolymers, including a lightly crosslinked 
copolymers, coitprised of acrylate and methacrylate 
monomers, and whose Tg is no greater than about 13® C, 
for example: 

-copolymers, including a lightly crosslinked 
copolymers , of 



45 



Butyl acrylate or hexyl acrylate and 
Methyl methacrylate or ethyl methacrylate 
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-copolymer, including a lightly crosslinked copolymer, 
of 

2-hydroxyethyl methacrylate 71% 
N- vinyl pyrrolidone 29% 

-copolymer, including a lightly crosslinked copolymer, 
of 

ethyl acrylate I"'* 
2 -hydroxy ethyl methacrylate 69% 
N- vinyl pyrrolidone 14% 

-copolymer, including a lightly crosslinked copolymer, 
of 

ethyl acrylate 

2-phenoxyethi^l acrylate 29% 
N-vinyl pyrrolidone 59* 
3,5,5, -trimethylhexylmethacrylate 6% 

-copolymer of 

ethyl acirylate 59,7% 
vinyl pyrrolidone 39.8% 
tetraethylene glycol dimethacrylate 0*25% 

-copolymer of 

ethyl acrylate 28.6% 

methyl methacrylate 14.3% 

dimethyl acrylate 56.8% 

tetraethylene glycol dimethacrylate 0.4% 

-copolymer of very lightly crosslinked polydimethyl- 
diphenylsiloxane 

The haptic may comprise one of the following polymers- 
-poly (methylmethacrylate) 



-crosslinked copolymer comprised of 

acrylate/methacrylate monomers with a Tg of at least 40' 
45 C. 
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-copolymer of crosslinked polydimethyldiphenylsiloxane 

The embodiments above are intended to be illustrative 
5 of the invention, and it is es^ected that those of 
ordinary skill in the art may, in view of the teachings 
contained hereinabove, be able to modify the 
embodiments illustrated herein. It is intended to 
cover all such modifications which fall within the 
10 spirit and scope of the invention as defined by the 
claims appended hereto. 
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What is claimed is: 

1. A method of making an intraocular lens having an 
optic portion joined to a haptic portion by a 
flexible element which comprises the steps of: 

(a) forming a core of a material suitable for use as 
said optic portion; 

(b) reacting said core to provide a first composite of 
said optic portion and said flexible element 
bonded thereto ; 

(c) reacting said flexible element with a material 
suitable for use as said haptic portion to provide 
a second composite; and 

(d) machining said second composite to form said 
intraocular lens . 

2. The method of claim 1 coitprising the step of 
polymerizing about said core a first polymerizable 
material capable of forming said flexible element 
to form an outer layer about said core- 

3. The method of claim 2 further comprising 
positioning said core in a mold, placing said 
first polymerizable material in said mold about 
said core, and polymerizing said first 
polymerizable material . 

4. The method of claim 3 further comprising the step 
of polymerizing about said first composite a 
second polymerizable material, capable of forming 
said haptic portion, to form an outer layer about 
said first composite. 

5. The method of claim 4 • further comprising 
positioning said first composite in a mold, 
placing said second polymerizable material^ in said 
mold about said composite, and polymerizing said 
second polymerizable material. 

6. The method of claim 1 wherein said optic portion 
comprises a high refractive material. 
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7. The method of claim 1 comprising the step of 
hydrolyzing the surface of said core to provide 
said flexible element. 

8. The method of claim 7 further comprising the step 
of polymerizing about said first composite a 
polymerizable material, capable of forming said 
haptic portion, to form an outer layer about said 
first con5>osite. 

9 The method of claim 7 further comprising 
positioning said first composite in a mold, 
placing said polymerizable material in said mold 
about said con^osite, and polymerizing said 
IB polymerizable material. 

10. The method of claim 7 wherein said surface is 
hydrolyzed by reaction with a strong acid or base. 

20 

11. The method of claim 6 wherein said high refractive 
material is selected from the group consisting of 
polymethylmethacrylate, and copolymers of high 
refractive index monomers selected from the group 

25 consisting of 2-phenoxyethyl acrylate, 2- 

phenoxyethyl methacrylate , benzyl acrylate, benzyl 
methacrylate, 2-phenylethyl , acrylate, 2- 

phenylethyl methacrylate, N-vinyl carbazole, 3- 
phenylpropyl acrylate, and 3 -phenylpropy 1 

30 methacxT/^late . 

12. The method of claim 2 wherein ^aid flexible 
element is selected from the group consisting of 
poly(ethylacrylate) homopolymer, hydrated 

35 polyhydroxyethylacrylate, polymers and copolymers 

of n-propyl acrylate, n-butyl acrylate, n-tiexyl 
acrylate, hydrated N-vinyl pyrrolidone, hydrated 
3-hydroxypropyl methacrylate, hydrated methacrylic 
acid, hydrated acrylic acid, lightly crosslinked 

40 poly(dimethyldiphenylsiloxane) , and lightly 

crosslinked poly (dimethylsiloxane) . 

13. The method of claim 1 wherein said haptic portion 
is selected from the group consisting of poly- 
(methylmethacrylate) , crosslinked copolymers 



45 
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coit^rised of acrylate/methacrylate monomers with a 
Tg of at least 40^ C and copolymers of crosslinked 
polydimethy Idipheny 1 s i loxane . 

5 14. The method of claim 1 wherein said flexible 
element is more flexible than said optic portion 
and said haptic portion. 

15. The method of claim 1 wherein said optic portion 
10 is polymethylmethacrylate. 

16. The method of claim 1 wherein said flexible element 
is selected from the group consisting of 
polyethylacrylate and hydrated 

15 polyhydroxyethylacrylate . 

17 • The method of claim 1 wherein said haptic portion 
is polymethylmethacrylate. 



20 

18. The method of claim 5 further comprising providing 
said second composite as a rod hiving said material 
suitable for use as said haptic jiortion as an outer 
layer around said first composite. 

25 . 

19. The method of claim 18 further comprising cutting a 
disc from said rod and removing ^ a portion of said 
outer layer of said rod to form .at least one haptic 
portion- 



wo 01/81075 



PCT/USO 1/12404 



1 / 3 






TOP V/£W 



